A new technique was described by Kopec et al. (1978) for studying the absolutely refractory periods (ARP) and relatively refractory periods (RRP) of nerve and muscle fibres in man. The technique involved stimulating median motor nerve fibres electrically and recording the responses evoked in the thenar muscles with surface electrodes. Under normal circumstances, when a testing stimulus is given within a few milliseconds of a conditioning shock, the two muscle responses overlap in time and cannot be analysed separately in a satisfactory way. However, the response to a solitary stimulus should be the same as that to the conditioning shock; therefore, by subtracting the former from the responses to paired (conditioning and test) stimuli, the response to the testing shock alone can be seen. The necessary subtractions are carried out using a signal analyser in tandem with a programmable calculator and X-Y plotter.
The purpose of the present investigation was to assess the effects of certain physiological and pathological variables upon refractoriness. The physiological variables were age and temperature; the clinical conditions chosen for study were a 'myopathy' (myotonic dystrophy), a metabolic disorder (chronic renal failure), and two motor neuropathies (amyotrophic lateral sclerosis and ' Except in the temperature study (see below) the temperature of the skin overlying the thenar muscles was maintained between 330C and 350C. In the temperature study a temperature-monitoring probe was inserted subcutaneously so as to lie on the surface of the thenar muscles. In this last study the hand, with electrodes attached, was inserted iinto a thin rubber glove and then immersed in a waterbath.
SUBTRACT'ION TECHNIQUE
The technique for measuring refractoriness was that described by Kopec et al. (1978) ; the same use has been made of the terms S2, S:1, for stimulation and R2, R:, for recording procedures. Figure 1 (Fig. 2) ; these estimates depended on the calculation of T' as described by Kopec et al. (1978) . The ARPs of the muscle fibres could also be derived from measurements of T'; the relatively large increase brought about by cooling is shown in Fig. 3 . When T' was estimated for 50% recovery of the evoked muscle responses, the values were 
Results

EFFECTS OF TEMPERATURE
EFFECTS OF AGE
To investigate the effects of age, 18 hands were examined in nine control subjects aged between 40 and 68 years (mean age 47.9 yr), and the results were compared with those obtained by Kopec et Figure  4 shows the recovery of excitability in median nerve and thenar muscle fibres of the older subjects at different conditioning-test stimulus intervals. As the interval was lengthened the evoked muscle response enlarged, the resulting curve assuming the S shape characteristic of the results in younger subjects. However, it can be seen that the recovery curve in the older subjects is displaced slightly to the right, indicating that comparatively fewer muscle fibres are responding at stimulus intervals of 1.4 to 4 ms. The difference between the two curves is most marked at intervals of 1.8, 2.0 and 3 ms and is statistically significant (P<0.005). As in the younger subjects, the muscle responses to the testing stimuli in the older group exceeded the control values in amplitude at 10-100 ms intervals. The terminal motor latencies of the test responses (R3) are also displayed in Fig. 4 , and it can be seen that similar prolongations at short conditioning-test intervals occurred in the younger and older subjects. As the stimulus interval was lengthened the terminal latency declined in both populations of subjects, remaining rather larger in older than in younger persons though not significantly so (P>O. 1). Figure 6 shows the recovery of muscle excitability in terms of the time elapsing between the onsets of the conditioning and test responses (R, and R: respectively); this time corresponds to T' as determined by Kopec et al. (1978) . As discussed by these authors, this time can be used in the calculation of muscle fibre ARPs. It can be seen that this excitability recovery curve, unlike that determined for stimulus intervals, shows no obvious difference when plotted for older and younger subjects.
EFFECTS OF DISEASE
Thirteen experiments were conducted on patients with a variety of neuromuscular diseases. Myotonic dystrophy Five patients were investigated with myotonic dystrophy. The averaged excitability curve, when plotted for conditioningtest stimulus intervals (Fig. 5) , showed a recovery which was faster than that in controls at intervals of 1.2 and 1.6 ms (P<0.001). When excitability was measured in terms of response interval (T'), however, the results for the dystrophic patients were very similar to the values in controls (Fig. 6 ). Figure 5 shows that there were no significant differences from normal in terminal motor latency as the stimulus interval was lengthened. The one patient investigated with myotonia congenita gave results which were within the normal range. Motor neuropathy Three hands were studied in two women, aged 28 and 43 years respectively, with motoneurone disease. A further hand was investigated in a 47 year old man with spinal muscular atrophy; on both clinical and electrophysiological grounds the disease appeared to be limited to the limb girdle and trunk musculature. In these patients the recovery of excitability, plotted as a function either of stimulus interval or of response interval, was not significantly different from that of a control population of 22 subjects with a similar mean age (Fig. 6 ). Renal failure Four female patients aged 46 to 52 years with renal failure were studied; all required regular dialysis two to three times a week and showed evidence of mild neuropathic involvement of the intrinsic muscles of the hands. Wlhen expressed in terms of response intervals, the excitability recovery curves were normal (Fig. 6 ).
Discussion
The aim of the present study has been to explore membrane function in human nerve and muscle Rowland, 1976 INTERVAL (ms) hoped that abnormal refractoriness might be demonstrated in a variety of pathophysiological conditions. The most striking abnormalities which we have been able to demonstrate were those associated with cooling. It is an old observation that cooling increases refractoriness, and it is now known that this effect results from prolongation of the periods of sodium channel inactivation and of potassium channel opening. Most experiments have been conducted on nerve, however, and we are unaware of other investigations in man. In frog sartorius muscle fibres, Buchthal and Engbaek (1963) found that the ARP was increased by cooling from 250C to 140C with a Q1o of 2.0 (or rather 0.5, taking into account the negative relationship between temperature and refractory period). In the present study the relationship between temperature and refractoriness was found to be distinctly non-linear; while no significant difference in refractoriness could be demonstrated between 340C and 400C, marked increases in ARP and RRP were found at lower temperatures. (15-25 years) . The discrepancy between the two studies might well be attributable to the greater ages of Farmer and co-workers' elderly population, compared with those of the corresponding group in the present study (40-67 years).
It had been anticipated that increased refractoriness might be present in the distal motor nerve branches of patients with motoneurone disease and spinal muscular atrophy as part of the dyingback process but this could not be demonstrated in the four preparations studied; normal results were also obtained by Farmer et al. (1959) .
In the uraemic patients it was expected that, 
